Abstract: An approach was proposed to evaluate preparation technology by means of fingerprint-peak matching technology of high performance liquid chromatography with diode array detector (HPLC-DAD). Similarity and hierarchical clustering analysis (HCA) were applied to identify the 15 batches of Xiaochaihu granules from different manufacturers and our laboratory. and peak pattern matching between the composite formulae and Radix Bupleuri Chinensis. which was one of the main ingredients of Xiaochaihu granules. was utilized to evaluate the preparation technology of Xiaochaihu granules via the indexes of the relative deviation of retention time (RT) and UV spectrum feature similarity of their corresponding peaks. Eleven matching peaks were found between Xiaochaihu granules and Radix Bupleuri Chinensis. However, the saikosaponin A and saikosaponin D. which are the important active components in Radix Bupleuri Chinensis. were not found in Xiaochaihu granules from any manufacturers. The peak areas of 11 characteristic peaks of Xiaochaihu granules samples formed a matrix of 11 x 15. The result of HCA showed that Xiaochaihu granules samples were divided into four kinds of category. Xiaochaihu granules samples from the same manufacturer were basically clustered of the same category. The results suggested that the saikosaponin A and saikosaponin D are prone to structural transformation under the condition of decoction and in the presence of the organic acidic' components. These active components. existing in raw herb. might transform to a series of non-active secondary saikosaponin due to unfavourable preparation technology. So the conventional decoction-based preparation technology of Xiaochaihu granules might greatly affect its quality and therapeutic effectiveness. This study demonstrates that fingerprint-peak matching technology can not only be used for quality control of this composite formulae, but also provide some guidance for preparation technology of Xiaochaihu granules.
Introduction
Xiaochaihu granule is the traditional Chinese patent medicines (TCPM) based on Xiaochaihu tang which was first described in the Shang Han Lun, a treatise of febrile diseases by the physician Zhong-ling Zhang during the Chinese Eastern Han Dynasty. The traditional remedy for treatment of chronic liver diseases [1, 2] is a mixture of seven herbs, including Radix Bupleuri (Chinese thorowax root), Radix Scutellariae (huangqin or baical skullcap root), Rhizoma Pinelliae (banxia or pinellia tuber), Radix Ginseng (renshen or ginseng), Radix Glycyrrhizae (gancao or licorice root), Rhizoma Zingiberis Recens (shengjiang or fresh ginger) , and Fructus Jujubae (dazhao or Chinese date). The modern researches demonstrate that there are richly pharmacological effects, such as protective effects on experimental liver injuries [3, 4] , preventive and therapeutic Received 20 July 2010; Accepted 31 December 2010 • Corresponding author. E-mail: hufd@lzu.edu.en effects on experimental hepatic fibrosis via inhibition of hepatic stellate cells and lipid peroxidation of hepatocytes [5] [6] [7] . It is contained in ministerial standard Chinese Narikata Volume VIII preparations (Chinese Narikata preparation WS3-B-1498-93). It is well known that the preparation process of TCPM involves a number of links: analysis of Chinese herbal medicine resources, optimum selection of Chinese herbal medicine (including cooked), extraction of Chinese herbs, traditional Chinese medicine preparation technology, and productions (the composite formulae) [8] . The quality control of raw materials is considered to be the most important in the quality control for TCPM. Radix Bupleuri Chinensis, which is a monarch ingredient in the Xiaochaihu granules, accounts for one-third amount in whole prescriptions. So, the variety, quality and extraction technology of Radix Bupleuri could influence the quality of Xiaochaihu granules significantly. At present, as a current1y accepted effective means for the quality control of traditional Chinese medicine (TCM) and natural medicine, TCM fingerprints, with the characteristics of integrity and fuzziness, focus on the gross structure feature and internal rules, and fit the Chinese medicine theory and pharmacodynamic model [9] [10] [11] [12] [13] . Some exploring studies on the fingerprint of Radix Bupleuri have been carried out. Using principal component analysis and canonical correlation analysis, the spectral information of Radix Bupleuri correlated to its pharmacological data was identified qy Ni and his coworkers [14] . The canonical correlative variable U 1 of its UV spectra is correlated with what is obtained in pharmacological experiments. Tian [15] utilized HPLC fingerprint and HPTLC fluorescent images to distinguish Radix Bupleuri from several major herbal distribution centers. So far we have not found studies on fingerprints of Xiaochaihu granules yet except some qualitative and quantitative analysis of one or two bioactive components [16] [17] [18] . Radix Bupleuri was extracted for twice with 10 times volumn of water for 1. 5 h each time. The decoctions were concentrated to dryness, and the residue was weighted (equivalent to 10. 0 g Xiaochaihu granules). According to the method described in 2.3 section, sample solution 1 was prepared.
Preparation of Radix Bupleuri sample solutions 2, 3, 4, and 5
Radix Bupleuri was .extracted for twice with 10 times volumn of water for 1. 5 h each time. The filtrate was concentrated to dryness, and the residue was weighted (equivalent to 10.0 g Xiaochaihu granules) and followed by redissolving with 50 mL of 40% (2), 60% (3), 80% (4); and 100% (5) alcohol solution, respectively. The alcohol solutions were ultrasonic-extracted for 30 min and then cooled down to room temperature. Each of the sample solutions in the four solvents was prepared in triplicate.
Preparation of Radix Bupleuri S8JI1lle solution 6
Radix Bupleuri samples (equivalent to 10. 0 g Xiaochaihu granules) were extracted with 80 mL of petroleum ether under ultrasonic-extraction for 3 times with 30 min for each time. After petroleum ether was removed completely, 50 mL of 5% ammonia methanol was added to the residue and the mixture was weighted and followed by an ultrasonicextraction process for 1 h. The extraction solution was evaporated to dryness, and the residue was dissolved with 50 mL of methanol. The sample solution 6 was prepared.
Preparation of standard solutions
Two stock solutions (0. 920 mg! mL saikosaponin A and 1.064 mg!mL saikosaponin D) were obtained by dissolving a certain amount of saikosaponin A and saikosaponin D in 10 mL methanol respectively. The stock solutions were further diluted to appropriate concentrations for subsequent analysis.
Results

Validation of methodology
The precision and repeatability of fingerprint method were assessed by three injections of Xiaochaihu granules (20070204) sample (duplicated 3) according to the HPLC methods described in 2. 2 section. The relative standard deviations (RSDs) of retention time (RT) and peak area (pA) of characteristic peaks in the precision test were found in the range of 0.8% -3. 1% and 0.3% -4.6%, respectively. The RSDs of RT and PA of characteristic peaks in the reproducibility test were also below 1.0% and 3.4%, respectively. Meanwhile, the stability test was evaluated by analyzing the samples at intra-day different time points (0, 2, 4, 8, 24 and 48 h) and the RSDs of RT and PA of characteristic peaks were less than 1. 0% and 4.1 % , respectively. The results indicated that the method of HPLC fingerprint analysis was valid and feasible.
3.2
Chromatographic fingerprint and similarities of Xiaochaihu granules
To obtain the fingerprints, 15 batches of Xiaochaihu granules from different manufacturers were analyzed using the developed method. The fingerprint similarity of 15 batches of Xiaochaihu granules was calculated and generated with the Computer Aided Similarity Evaluation (CASE) software at 210 mn, which was developed based on chemometrics by the Research Center for the Modernization of Traditional Chinese Medicines (Central South University, Changsha, China). The pattern fingerprints of Xiaochaihu granules are shown in Figure 1 
where LY i represents the relative deviation of retention times corresponding common peaks, tRiP)i is the retenfion time of peak saikosaponin A or saikosaponin D, tR(H). represents the retention time of matching peak with saikosaponin A or saikosaponin D in fingerprint of Radix Bupleuri. As~i approaches 0, the peak is seiected as matching peak. Angle cosine value of matching peak is carried out with Eq.(2).
where Xl and Y, (t = 1, 2, 3, "', n) represent the corresponding spectrum response values (above half-peak width) of peak tim, and tR(H!; at selected wavelength, respectively, n is the number of collective wavelength. As the value of cosO approaches 1, the peak is defined as the peak pattern matching. 1llbIe 1 The correlation coefficient (rl) and congruence coefficient (r2) of Xiaochaihu granules from four pharmaceutical factories (A, B, C and D) and our laboratory at 210 nm The chromatographic fingerprint of Radix Bupleuri samples with different extracted methods is shown in Figure 2 .
The results of chromatogram peak pattern matching between saikosaponin A, saikosaponin D and all Radix Bupleuri samples are listed in Table 2 . The 21 th peak in Table 2, [19] [20] [21] .
Radix Bupleuri is one of the well-known TCM herbs and is often used as a significant ingredient for many Chinese multi-herb remedies. It is proved that there are many forms of saikosaponins, such as saikosaponin A and D, which have been recognized as pharmacologically active compounds and possess of immunomodulatory, hepatoprotective, anti-tumor and anti-viral activities [22, 23] . Xiaochaihu granules manufactured with conventional preparation technology do not contain the two important active components, so it might affect the therapeutic effects of Xiaochaihu granules. The study developed fingerprintpeak matching technology and elucidated the causes that Xiaochaihu granules do not contain both saikosaponin A and saikosaponin D. Furthermore, the fingerprint-peak matching technology can not only be used for quality control of the composite formulae, but also provide some guidance for further development of preparation technology of Xiaochaihu granules. FIgure 3 The clustering analyses of chromatograms of 15 Xiaochaihu granules samples (No.1-15). Samples 1, 2. and 3 were horne-made in our laboratory, samples 4. 5, and 6 belonged to pharmaceutical factory A. samples 7. 8, and 9 belonged to pharmaceutical factory B, samples 10, 11, and 12 belonged to pharmaceutical factory C, samples 13, 14, and 15 belonged to pharmaceutical factory D.
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